During the past few years a considerable amount of information has been accumulated on the optical rotatory dispersion of biologically significant compounds. Optical rotatory dispersion data has, in several instances, been useful in elucidating structural details of molecules, such as those of certain proteins. The optical rotations of several lipid and hydrocarbon compounds are also known. On the other hand, there is very little information available on the optical rotation of lipids which occur in soils, marine sediments, and sedimentary rocks. There are some exceptions, such as petroleum and coal. The optical rotations of petroleum distillate fractions and of coal have been studied.'-4 It was found that most petroleum fractions are dextrorotatory but a few show levorotation. 2 The chemical composition of lipids in soils and sediments has also been studied,5-7 and fatty acids, saturated and aromatic hydrocarbons, and so on have been described. An investigation of the optical rotations of soil and sediment lipids may eventually be helpful to elucidate some of the transformation processes that the decayed biological matter is subjected to in the geological habitat. A study of the optical activity of soil and sediment lipids may also be of value in explaining the true nature of the optical activity reported in lipid fractions extracted from carbonaceous meteorites.8-"1 The following three topics are discussed in this report: (1) control experiments performed in order to evaluate various factors that may cause false optical activity readings, (2) optical activity measurements made on soil and sediment, and (3) optical activity measurements on carbonaceous meteorite lipids.
Necessary Precautions for the Measurement of the Optical Rotation of Soil, Sediment, and Meteorite Lipids.-The measurement of the optical rotation of soil, sediment, and meteorite lipids is a most difficult task which can be successfully accomplished only if utmost care is exercised. The lipids are usually extracted from the sediment samples with a solution of benzene and methanol in a Soxhlet apparatus. The extracts are usually yellow to dark brown in color. They may contain suspended particulate matter and they usually show only a few millidegrees of optical rotation. Investigators working on problems of optical rotatory dispersion will, of course, realize that such samples could easily give spurious readings in all commercially available polarimeters unless the necessary precautions are taken. The major part of this study consisted of control experiments in order to define the factors that may lead to spurious rotations and to establish precisely the precautional procedures which one has to follow to avoid artifacts.
In this study, a modified Bendix model 460-C Polarmatic Recording Spectropolarimeter was used. A series of control experiments were performed to evaluate the instrument in order to find out if it was indeed suitable for this study. The effects of the optical density of the solutions, suspended particulate matter, and the fluorescence of the solutions were studied in detail, together with such possible sources of spurious rotations as the effects of air bubbles in the cells, temperature, strain on cell windows, and possible inherent, instrumental artifacts. It will be noted below that some theoretical studies had been made in the past in an attempt to evaluate sources of spurious rotations. It was decided at the beginning of this study to use an experimental rather than a theoretical approach to the problem in order to ascertain that various sources of error were detected under the particular experimental conditions employed in this laboratory.
1. It is generally known that the optical density of the solutions can be a potential source of error. Recently, Resnik and Yamaoka12 conducted an investigation in order to define better the limits of this effect. These authors noted that spurious rotations can be generated by inorganic, abiological solutions if the optical density is greater than 0.250. It has been confirmed in the present study that false rotations arise when the optical density of the solutions is above a certain limit. A series of measurements were made with solutions containing different concentrations (and therefore different optical densities) of the synthetic dye isatin (2,3-indolinedione). In addition, the effect of optical density has also been studied with a series of naturally occurring, colored lipid samples. As the result of this investigation it was concluded that optical rotation values obtained below 60 per cent transmission (i.e., above 0.223 optical density) must be discarded. Furthermore, in order to obtain entirely reliable optical rotatory dispersion values on soil, sediment, and meteorite lipids, it was decided to use optical rotatory dispersion data measured above 70 per cent transmission (i.e., below 0.155 optical density) only. 2. The effect of scattered light from suspended particulate matter has been known to be another source of error. The theory of this effect has been described by Rouy and Carrolll3 and emphasized more recently by Hayatsu.11 In the present study it was observed that various abiological, cloudy-colloidal to murky suspensions gave spurious rotations as well as an increase in the recorder noise level (Fig.   1 ). However, nonoptically active suspensions filtered through 0.45-,u pore size Millipore filters never showed spurious rotations in this laboratory under the experimental conditions employed. Lipid samples in this as well as in previous investigations8' 10 were Millipore-filtered. FIG 3. Another and related source of error can be the presence of air bubbles in the cell. In a series of experiments with water it was found that air bubbles, if sufficiently large or abundant, may give rise to spurious rotations. Consequently, it was ascertained that the cells were always properly scaled and that no evaporation of the solution, leading to the development of air bubbles, was possible.
4. Fluorescent solutions may also cause spurious optical activity. To evaluate this potential source of error, a rather strongly fluorescent Orgueil fraction was studied. This fraction was obtained from the insoluble meteorite organic matter by a process involving ozonolysis. The solution showed rather strong fluorescence at 480-miA wavelength when excited with 365-my-wavelength radiation in a Beckman DK-2A fluorescence spectrophotometer. The same solution showed no optical activity with the Bendix spectropolarimeter. It appears that the fluorescence of the sample did not interfere with the optical rotation measurement under the experimental conditions employed, possibly because of insufficient intensity of the fluorescent radiation.
5. It is well known, of course, that optical rotation is affected by temperature. Because optical rotation must be determined by subtracting the measured values of the unknown solution from those of the solvent standard, it was ensured that both the sample and the solvent standard came to a temperature equilibrium within the cell well before measurements were made. Keeping the solutions in the cell well for a period of 20-30 min prior to the measurements appears to have accomplished this equilibration effect when 0.1-cm-long cells were used. In addition, the solvent standard was, at times, measured both before and after the unknown sample was run. Both the control and the unknown solutions, and the corresponding solvent standards, were measured in triplicate. 6 . Spurious rotations may also arise from strain that developed within the cell windows. In a series of experiments, using a demountable 1.0-cm cell, the windows were subjected to various degrees of strain by tightening the screw caps. Both empty cells and cells filled with water were examined, and it was assured that the cell always remained in the same position and did not turn around its horizontal axis. No spurious rotations were observed with the Bendix instrument; however, some were noted with another commercial recording spectropolarimeter where the cells turned around their long axis. The lack of spurious rotation with the Bendix cell may be the result of not applying sufficient strain on the window. Still, to eliminate any possibility of spurious rotation from this source, most experiments were conducted in a fixed, nondemountable cell, which was glued to a carriage to prevent turning around its horizontal axis, and contained fused-in, nondemountable windows.
7. To ensure that the Bendix instrument used in this study did not contain still other, perhaps inherent, sources of error, it was calibrated against both a Cary model 60 recording spectropolarimeter and a Rudolph nonrecording instrument. Dark, lipid, and petroleum distillate fractions, respectively, were used; the results are shown in Figures 2 and 3 . The results obtained from the Bendix Polarmatic Recording Spectropolarimeter, under the conditions employed, showed good agreement with the values from the other two polarimeters. The most notable disagreement was a small measure of discrepancy between the Bendix and Cary polarimeters in the near-ultraviolet range of the spectrum, where the magnitude of the optical rotations was somewhat different in these two instruments (Fig. 2) . The Rudolph polarimeter was one of the three Rudolph instruments that were used originally8 to measure the optical rotation of the Orgueil lipids in the visible spectral range.
Consequently, it appears that optical rotatory dispersion measurements of lipids extracted from soils, sediments, and carbonaceous meteorites may be subject to error; however, these measurements can be performed accurately and reliably if scrupulous care is exercised during the analytical process and all necessary precautions are taken. Optical Rotation Measurements of Lipids Extracted from Soils and Sediments.-The optical rotation of the saponifiable and nonsaponifiable fractions of the benzene-methanol Soxhlet extracts of ten soils, eight Recent marine sediments, and nine sedimentary rocks has been measured, exercising the experimental precautions outlined previously. The extracts have been saponified with KOH in the extraction flask of the Soxhlet apparatus as described previously.8 The saponified components were extracted with water, acidified with HC1, re-extracted with ether, evaporated to dryness, and dissolved in CC14. The infrared and ultraviolet spectra of these saponifiable fractions were determined in CC14 and methyl alcohol, respectively. The samples were also analyzed by thin-layer chromatography. Following this, the optical rotations of the saponifiable components were measured in CC14. The nonsaponifiable fractions, which formed a separate phase in the Soxhlet flask, were evaporated to dryness. Their infrared and ultraviolet spectra and thinlayer chromatograms were determined as those of the saponifiable fractions. The benzene solutions were then examined for optical rotation. The chemical composition of the lipid extracts varied; this will be reported separately.
The soil and the sediment samples were collected from different geographic areas and climatic regions. The soil samples included subtropical, semiarid soil samples from California, soils from Connecticut, forest soil samples from Sweden, as well as soil samples collected at 7929-ft, 10,550-ft, and 13,960-ft elevations on Mt. LeConte in California. The location of the last sample corresponds to an Arctic climate. The soil samples were collected at approximately 8-10-inch depths, below the humus layer. The soil samples showed dextrorotation, except one which was levorotatory in both its saponifiable and nonsaponifiable fractions. This nonsaponifiable fraction showed multiple Cotton effects. Specific rotations were determined at the green mercury line (X = 5461 A) by considering the entire weight of an extract (which undoubtedly also contains several nonoptically active components) in the calculations. Specific rotations of soils varied between [a]56 = -8.27°(the nonsaponified soil extract from 7929-ft elevation on Mt. LeConte) to [a]21 = + 14.09°(the saponified soil extract from 10,550-ft elevation). Specific rotations of the other samples were usually +3 to +50. Another soil showed no optical rotation but this was the sample which was collected on the summit of Mt. LeConte, above the timberline. It consisted of a granite-wash and contained only traces of organic matter. Figure 2 shows the observed rotations of the nonsaponifiable fraction of a soil sample from a pine forest on Mt. LeConte.
Recent marine sediment samples came from both tropical and Arctic regions of the Pacific Ocean. Only the two cores from the Arctic waters contained sufficient quantities of extractable lipids to show optical activity. One was slightly dextrorotatory; the other one showed levorotation; the saponified fraction had [ (Fig. 4) lipids are possible. The optical activities appear to be real and not spurious rotations. Hayatsu" suggested that the latter may be the cause of the observed optical rotation in Orgueil, and indeed this could be the case if the necessary experimental precautions had not been taken during this and the previous studies. Consequently, one may search for the real cause for the presence of optically active lipids in Orgueil. Of course, the first cause that comes to mind is that the Orgueil meteorite became contaminated with terrestrial biological matter after it fell on the soils of southern France or during museum storage. Biochemicals released from decayed or live organisms might account for the optically active lipids. It should be noted, however, that free amino acids, one of such key biochemicals, appear to be absent in Orgueil. Hamilton15 has shown that the free amino acids in Orgueil can be attributed to contaminations from a single human thumb print. Stones of the Orgueil meteorite from both Paris and Montauban had been examined for the possible presence of a variety of aerobic and anaerobic soil and air contaminants by Volcani and Bruff.'6 A stone of the Orgueil meteorite, which had been stored in the Paris Museum since 1864, and been kept in this laboratory since 1964, was examined for the presence of aerobic and anaerobic air and soil microorganisms. The media used for the examination are listed in reference 17.
Two fragments of this stone were removed aseptically from the container. The first fragment was gently pulverized in a sterile mortar and divided into three samples. The first was suspended in 0.8 per cent NaCl solution to give 10-20 mg per 0.1 ml. The media were inoculated with 0.1 ml of this suspension and incubated under the conditions as specified.17 None of the media which were incubated aerobically showed growth of any microorganisms even after 45 days. Medium 8, incubated anaerobically, showed dense growth after 6 days of incubation. Small quantities of gas were produced during growth; however, this gas could have resulted from the reaction of acidic products of fermentation with the CaCO3 of the medium. The other two samples, similarly inoculated into this particular medium, gave similar results. In each case, the samples produced an apparently homogenieous culture of a gram-negative, non-spore-forming, nonmotile coccus which was most commonly associated in pairs hut also was present as single cells and chains. Several subcultures were made in medium 8; this coccus will not grow aerobically.
The second fragment (about 10 mg) of the Paris stone was removed from the container and dropped directly into medium 8. After 12 days of incubation under anaerobic conditions, a dense growth of nonmotile, non-spore-forming rods of various sizes and shapes appeared. No gas was formed. Some of the rods were gram-positive; others were gram-negative. No attempt was made to isolate the organisms into pure culture, although one subculture was made.
Two fragments (about 10 mg) of the Orgueil meteorite from the Montauban Museum were examined only for the presence of anaerobic microorganisms by the use of medium 8. One fragment produced, after 16 days' incubation, an apparently homogeneous culture of a gram-positive, non-spore-forming coccus, most commonly associated in clumps. A small amount of gas was formed. After 33 days, the second fragment produced a culture of rods of various sizes and shapes; no motility or spore-formers were observed. The gram reaction of these bacteria was not determined.
In order to obtain evidence that the positive results which are reported above were not due to laboratory contamination, sterile saline solution was placed in medium 8. The bottle was then incubated, as those inoculated with meteorite fragments, for 50 days without evidence of bacterial contamination.
Volcani and Bruffl6 stressed that the results reported above are at best extremely fragmentary. However, they tentatively concluded that the four fragments of the Orgueil meteorite which were tested contained several different kinds of anaerobic non-spore-forming bacteria. They found it puzzling that the organisms which are common to soil and air and are most resistant to such adverse conditions as desiccation, that is, aerobic and anaerobic spore-forming bacteria and fungi, seem to be missing from at least one of the fragments tested. They considered that perhaps the anaerobic, non-spore-forming bacteria are merely the "survivors" of a more typical contaminant population which were picked up by the stones 100 years ago, and that, for some reason, these anaerobic organisms were more resistant to the chemical and physical environment presented by these stones. They also considered two other possibilities, however: first, that these bacteria might be "museum" contaminants, and second, that they might be representatives of organisms indigenous to the Orgueil meteorite itself.
The Orgueil meteorite contains an abundance of narrow magnesium sulfate veins as shown by petrographic thin sections. It is an interesting question as to whether such biological organisms would grow in films of moisture saturated with magnesium sulfate under museum conditions. Possibly such an inability would account for the absence of the common soil and air contaminants.
Another puzzling aspect of the Orgueil meteorite lipids is their C13/C12 isotope ratio. The optically active, saponifiable fraction showed a 6 C11 value of -23.80/oo.
Silverman'8 carried out an extensive study of the carbon isotope ratios of petroleum, ancient sedimentary, and Recent biological lipids (Fig. 6 ). According to these measurements, the Orgueil optically active lipids fall in the ancient sediment range rather than that of Recent biological matter. There is, of course, the possibility of overlap between the ancient and Recent isotope ratio ranges, and because of this reason, one cannot rule out entirely the possibility of Recent terrestrial contaminations. The C'3/C'2 ratio of the Orgueil carbonate minerals is about +600/ooA2' This ratio is higher than any known terrestrial carbon isotope ratio. This would indicate that the carbonate and lipid carbon perhaps originate from different sources since no terrestrial process has produced carbonate and carbonaceous material of such markedly different isotopic composition.
Conclusions.-Various sources of spurious rotations have been detected that can affect the accuracy of optical activity measurements of lipids extracted from soils, sediments, and the Orgueil carbonaceous meteorite. By exercising the necessary precautions, however, it was possible to observe low, but real, values of optical rotations in soil, sediment, and in the Orgueil meteorite lipids. The results confirm earlier findings that the Orgueil lipids are optically active, but the origin of this effect cannot yet be satisfactorily explained. It is possible that the optically active meteorite lipids are the results of terrestrial contaminations and/or that they are extraterrestrial and indigenous.
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